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Abstract : The pressure-volume relations arc investigated on the basis of an equation of 
slate for fifteen alkaline-earth chalcogenides with NaCl structure from zero pressure upto their 
structural transition pressurq s^. The calculations are perfonned within the frame work of an ionic 
model based on Harrison’s overlap repulsive potential denved on the quantum mechanical basis 
taking into account the interactions upto second neighbours The values of van der Waals dipole- 
dipole and dipole-qutidrupole interactions arc also included The results are discussed and 
compared with those obtained from the Mumaghan equation of state as well as the recent available 
expenmental data for MgO The model is also iq)plied to predict the Gruneisen parameter and its 
volume derivative.
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PACS No. : 64.30.-i-t
The crystals of alkaline earth chalcogenides (AEC) have received relatively less attention as 
compared to widely studied alkali halides. The AEC are similar to alkali halides in that they 
are highly ionic and also composed of closed shell ions with inert gas type electronic 
configuration. The ionic models developed initially for alkali halides are therefore also 
applicable to study the properties of AEC. Chaturvedi et al [1] have developed an interionic 
potential model for AEC which gives better results than the traditional Born-Mayer potential 
I2]. An independent test of the model has been provided by calculating the bulk modulus at 
different temperatures [3], and properties of ionic solids in molten state [4] and gaseous state 
In the present study, we extend the use of this potential model [1] to investigate the 
pressure-volume relationships from zero pressure upto the structural transition pressure. 
Gruneisen parameter and its volume derivatives.
©1994IACS
^At4)-13
The equation of state of a solid can be written as [6] 
P = -  d W /d V ,
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(1)
where P is the pressure, V the volume, and W the crystal lattice energy, which in the case of 
AEC can be written as [1]
W = -  a M
C D
~  “  “ 8 r r (2)
where the first term on the right hand side is the electrostatic Coulomb energy with as 
Madelung's constant, e is the electronic charge, Z = 2 is the valency, r is the nearest 
neighbour cation-anion separation. The second and third terms are the van der Waals dipole- 
dipole and dipole-quadrupole energies respectively, (p is the overlap repulsive energy Using 
cqs. (1) and (2) we obtain the following relation
P =
X -  Y
with
and
d(b
X = -  3r V. —  
 ^ " dV
Y =
■ V " 6C " V ‘ 8D ‘ V “
+ — + —TT./
-11/3
(3)
(4)
(5)
where and Vq arc the nearest neighbour distance and volume respectively at zero pressure. 
The overlap repulsive energy (p for a solid [NaCl structure] can be written as [Ij.
<t> exp {-k ji)  + 42^i^r exp
exp (6)
where H is the Planck’s constant divided by l7t and m the mass of electron, //is the arithmetic 
average of and /J2 for cation and anion respectively, calculated from the valence state 
energies [11. The values of C and D are calculated using the Kirkwood-Muller formulae [7] 
The potential parameters b and k along with other input data are taken from Chaturvedi etal 
[1]. The values of pressures are thus calculated at different compressions (V/Vo) for fifteen 
crystals (Table 1). The pressure-volume relationships can also be studied using the 
Mumaghan equation of state [8]
—  ^ = exp
1 f ^1
-  —  In P -2- -I- 1L 0^ 1 JJ (7)
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where and are the isothermal bulk modulus and its pressure derivative, both referred to 
zero pressure. The results obtained from eq. (7) are given in Figure 1 for MgO alongwith the 
data reported by Anderson and Zou [9] and are compared with the results of present study
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Figure 1. Isothermal plot of ^  vs P  for MgO.
There is good agreement upto a pressure of 40 GPa. However above this pressure, the 
deviation becomes significant. The possible source of the disagreement may be due to the 
parametric nature of the potential model used in present study. The potential param eters 
calculated using the room temperature and atmospheric pressure data may not remain strictly 
valid for vei^ high pressures beyond 40 GPa or 400 k bar. This is the main limitation of the 
theories based on potential functions as also discussed in detail by Tosi [6]. To calculate the 
Gruneisen parameters yand its volume derivative q we make use of the following unified 
formula [10]
-
4 -  3;c V d^(P V “) l  dV'^
6 T  d (P V ^ )!d V
(«)
where jc is a parameter equal to zero in Slater's theory, 2/3 in Dugdale and Macdonald f. 
theory and 4/3 in free volume theory. The volume derivative of y  is given by [ 10]
d \n y
d lnV
1
2 ^
x(x + l) -
{ l - x ) V P "
7 '
-  V
/ p / / > 2 '
\  ) _
(9)
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where
dV P" =
d ^ P
d V ^
andP™ =
dV 3 ■
We have calculated the values of y and q corresponding to different theories as given in 
Table 2. The values of y calculated using Slater's theory arc close to the thermodynamic 
values of y whereas the values based on Dugdale and Macdonald theory and the free volume
Tabic 2. Calculated values of Gruneisen paranicter y and its volume derivaUves if.
Crystal
MgO
MgS
MgSe
CaO
CaS
CaSe
CaTe
StO
SrS
SrSe
SrTe
BaO
BaS
flaSe
Bale
x = 0 A = 2/.l
1 44 
I 56 
1.67 
1.43
1.55
1.56
1.65 
1.4K 
1.52
1.56 
1 66 
1.48 
1.59 
1 58
1.65
X ~ 4 /3  T h e n iK x ly n a in ic
--------------  exjienmcntal
ii values of y
1.52 
1.72 
1 79
1.47 
1.60 
1.70 
I 72
1.47 
1 69 
1.65 
I 65 
1.46 
1.55 
1.62 
1 63
1 11 
1 22 
I..35 
1 10 
1.20 
1.22 
1 32
1.15 
1 14 
1.23 
1 38
1.15 
1 26 
1.25 
1.32
1.22 
143 
I .50 
1 15 
1.28 
1 41 
I 43 
1 13 
1.42 
1..34 
1.31 
1 12 
1 20 
I 28 
1 29
0.77 
0.89 
1,00 
0 76 
0.80 
0 88 
0 99 
0.82 
081 
0 89 
099 
0.82 
0 92 
0 92 
0 98
1 22 
1.43 
1.45 
1 12 
1.23 
1.40 
1 41 
1 06 
1 48 
1 30 
1 19 
1.05 
1 08 
1 21 
1 17
1.54
1,30
1.73
1.58
theory are less. It should be mentioned that Slater evaluated y using expressions for the 
vibrational velocities which are valid when the solid is under no external pressure. The 
values of g calculated using Slater's theory are larger than those based on the Dugdale 
and Macdonald formula and the free volume iheory. These values are larger than I and 
smaller than 2 which is consistent with the results obtained on the basis of thermodynamic 
analysis [11].
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